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0 Test device and method of assaying for proteins. 



0 A new i^prov^ - device --e.o. oMet«^n.n^ Z^^^e^^ SsT^aJTaJp 
•iih as albuniin or Bence Jones P^f !J„'„^ ^JT^^^^ a visually or instrumerrtally 

fncorporating a reactant system capable of ';^f"9J^ ^^^^ce can include commonly used bibulous 
deteSable and/or measurable '^P°"««- Jff^^^^^'jSblus p^^^^ Strip, membrane or layer erf 

matrices, such as filter paper, or a new "^'^ ''"P^^f """^ n^ a^^ ir^ved reactant system, compnang a 
r^tymerized urett^anecontaining ^^''^^J2^S^'^^\ if necessary, a s««able buffer, .s 

duS indicator reagent system, such as ^^ZiJon and increased sensitivity to proteins^ 

be performed on a liquid test sample. 
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TEST DEVICE AND METHOD OF ASSAYING FOR PBOTEINS 

FIELD OF THE INVENTION 

^ present inven«on relates to a 6ev|ca -^^^ -^^J^l^^^ i^V^^ "IStSS 

concentration of proteins. ^'^^'"''^^ZZ^^X^^ » ^^"^ ' "^"^ 

and device for assaying a liqu.d. such ^^^°!^^'Zc3«yr ^nt con,positlon Is incorporated 
reagent composition as Vr^^J^SZt J^or me^f^^^^^ °' 
into a carrier matrix, suet, that » ^•^^ sample. The dual indicator reagent compositon 

indicator reagent compoaitlonw* a p^otem-c^^^^ ^^^^^ 

provides improved color ^^^'^J^^^^^JZ^^ a liquid test sample. In additton. the 

^d/or measure, either ^^^'"^ S^^sl^or. incorporated into a carrier matr« 
present invention relates to usmg a '^^J^^'J^'^, , ^lymerized urethane^ontaining composh 
comprlsing a P^tein-permeable s^P^ memb^^^^^ ^^^^,3, p„,eins. hke 

Scr/p^s." 

BACKGROUND OF ]>JE1^^ 

...min is the most abundant ,a^a pro^n. Z^"^^ 
protein In mammalian plasma, m the ^""-^^^/^j^f ^^^^^^^^ Xule for various compounds, such 
Salance between blood and tissues, and of ^sS^namides and barbiturates, that are only 

as bilirubin, fatty acids, cortiso^. '^y'°';:"^^^f^^^^^^ of slightly water soluble matenals 

„ slightly soluble in water. An amumm '^^^'^^^l^'^^l^^ ^y^n abnormal accumulation of serous 
TdT ^a^err Z^'."^^^:^ - .divdual has a decency of 

'^'Z^ . CiniCly important to determine if an in^dua. is a^cre.^- a^^-t cf^P-- 

,0 A nonr,^ func«oning """t, ^ ^^f^^ the^emlus are highly perrneable 

glomerulus, or glomerular region of the k-dney ^The ^'^^^^ ^,Sun,h, and other high molecular 

?o water and low molecular "^"^"'"^ °'^^;3'^are^entially filtered out of the urine so that 

weight proteins cannot pass ^'^^^^'^^Z^'!^^^ ^tJning tSe J molecular weight componen^ 
the protein is available for use by the body _ The "^"^ ^absorption of sortie urir^e components. 
,5 passes into the tubules, or t"^/^^'^^^ ^Jfc^^^^^ and concentration of the urine 
s^h as low molecular weight proteins; secretin of othe ^wnpo concentration of 

occur? AS a resul through the combined P"««^°'2e ^^^"i;^^^^^^^^ of albumin and/or 

;?oteins in urine should be minimal to dysfunction, 
tow^olecular weight proteins murine must be detected a^^^^ ,^ a 

The relatively high concentraton of a'^um-n m me unne W^^^ ^ .^^ ^^.^ 2 

diseased condition. For example, the average "^-Y^J^. J^^^^ un'^ary protein being serum albumin. 
mg/dL to about 8 mgydU with approximately one-tt^ ^ of ^^J^^^^^^y, such that albumin 
However, in a majority of diseased states urinary ^^^^^l^^^J^roX^in. The presence of an 
accounts for from about 60 percent to about ^ f^'^^L^^t^^. is one of the most significant 
« ^normal increased amount of protein in the """^'J^^^^^.'^^^^^^e^^ diseases. 

.ndicators of renal disease, and may ^''^^^^fj^^l^'T^.Z^^^ and/or to determine if an 

Therefore, in order to determine if an individual has an album medical treatment to 

individual excretes an excess amount of Protem^and in ^er m "^^''^^ .e^ction assays 

determine the effectiveness of the ^'fZ' -^Z ;,^^r3^ ;Ss de^loped tor the detection 
50 have been developed. Furthermore, of ^^J'^ iTmeth^s based on dye binding techniques have 
and/or measurement of protein In unne and ser^ J^e ">ethod^ ^ ^ ^ p,o,i^ reprtxlucible and 
proven especially useful because dye binding methods are readily 

accurate results. ir,rii«inr dves that are capable of interacting with a 
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dissociation constant) of the indKator dye is ^^^^^l^^'SS technique, an appropriate buffer 
so^alled -protelrverror- P^'^'^^J^^;^^^ SnsKtlTe pH indicator dye due to 

maintains the pH indicator dye at 8 «^''^„^'2r-T«n^ant^ u2^ the protein, tt« pH 

tetrabromophenol blue and tetrachtoropheno^a 4^ 6^^^ p„t,lems and 

Although pH indicator dyes have been used ^^^^Z^es For example, methods based 
disadvantages still axist in ^^^-^Z^T^Zof^^i^^^ ^twee'n protein concentra- 

upon pH indicator dye»ertli^ cwnot J^^^iJ^nT^ours^eral simple semiquanttetive tests and several 
Hons below approwmateiy 15 ""S/dL Jn add*on.^ m^^^ ^^^^^ ^ ^ g^p,g_ 

complex quantitative tests ^^^l^^^*^^ test strip, 

♦ha maioritv of these assay methods, with the notaoie ^'^^T^'^LII^^L,. 

reSurmTprecipita^on of protein » -^.^^S "S^^m of proteins to interact with 
The colorimetric reagent tes^ '^'P^''^^^" ^orTwe IndSor without any change In the pH. For 
certain acid-base indicators and to «^ SJ", ° h^ierB^^^^ 

example, when the protein. However, for solutions 

3. the !"<^'cator imparts a ^^^^^ 

Slorimetric test strips are multidetem^inant reagentsmp '"^"f J^.'J^^^^^ strip to permit the 
described above, and further ^^^J^^^^^ ^^sTcolorimetric test strips, the assay for 

simultaneous assay of other unnary ~"*f^«"\^*':„^2^' ° jtrip into a well r^ixed. uncentrifuged 

assays for protein can be performed and are reported as 3' ^ ° demonstrated by the lack 

^ive reStg. or V^"''- =f ^; '-^^1 S^TeS S"di^ ^m 'abouf 5^ STao'mg/dL of 
of a color transition of the indicator dye. '"^"'.^^'^"'.^''J^^^i^ color transitions of green through 
protein In the urine. The one "plus" to P''".'*!^'';';^,^™''^;^^ protein concentrations of 30, 100. 
rncreaslngiy dark shades of biue^are ^^^I'^^^JZ X^'^^'^^^^ P^^^^'"""" 
300, and over 2000 mg/dL. '^^P^^^'^ t^My^^^ readily determine, visually, that the 

in accordance with the ^^^1^^, ^ r^X^iTL^x 30 mg/dL However, the color 
protein content of a urine sample .s m the '^^J'^^^^'°J^,, ■.^^.nX to allow an accurate 
differentiation afforded by the presently av^^e =3J["^*"^^P| '^^^^ The inability to detect and 
determinatton of protein content m J^^^'" ° ""J^^'^nSS becau^ a heattiiy person usually has 
differentiate between tow protein '^^^^^^^'^^ '^^^^^'^1^ Therefore, it could be clinically 
i:ZST:::1r::tS ire;°rorioir ^IndLu^ rather than mere.y es«ma«ng 

protein precipitation techniques or by quantitative 24 hour pro».n p ^ ^ run in a 

tests are time consuming and ^^^'^^ ^"^^^^Z S^^^o^ ^ home to quickly 
laboratory by trained personnel, and therefore are ""f^^'f^ J"^^^^*^^^^^^ medical treatment 
, detem^ine urine protein content -°™So^I Tha^^^^^^^^ «^ ^"^^^ '"^^"^ °' 

Therefore, rt would be extremely ^'''^^ ^^^.^^Izl,^ \e^B\5 in the ranges of 0 mg/dL 
assaying urine for protein content that aHows v,su^ ^^72 r^^dL to about 30 mg/dL. and 

to about 10 mg/dU ^'^^^J'i.^^'^Z^^^^^ ^^^'"^ '"^^"^ °' 

upwards to between about 100 mg/dL to ^« ^00 rng^ou dip-and-read test strip, the urine 

5 detem^inlng urine protein concentraton m an ea^V ^ ^ SJrZZ such that a diagnosis can 
assay c«i be performed '^^uTto^'on^Xtr af^^^^^^^^ - ^ 

iJirj^TadrorJ's^a - be Jerformed by the parent at home .0 more precseiy 
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M Mia medical treatment the patient is undergoing, 
monitor low levels o. protein in "'Jn^^';^'^' ^^^2.^ o^the present invention allows the fast accurate 
AS will be described nfiore fully jjj. , ° Zxip that includes a dual indicator reagent 

and trustworthy p«>tein assay of onne by '^^'"S^ J^f J^^ color resolution, and therefore the 
S'poS^n. The dual indicator reagent be accurately determined at levels 

sen^vity, of the assay, thereby allowing '^'^^^'T^'^Z^ present invention can be used to 
o, approximately 30 mg/dL or less, in «^drt.on ^ mjhod^ ^ ^ Bence Jones 

OetaSnine the presence ^^Z^'TTI^ SSmC^ Sr low molecular weight proteins invove 
proteins, in a test sample All P"r'lrt'^3i^5^e lirne consuming, relatively e)^^ 
rmmunoelectrophoresis metho* or he^ me*^ ma ^^^^^ 

not amenable for use by the pjenta^home to ^ ^ "^1" ^^JL? 

Bence Jones proteins belong to a =^ """^ ^ ^ glomerular filters of the Kidney, 
approximately 20.000 and that are sma^ ^me^^ °* ^ ^dnoy. Therefore, 

htowever the Bence Jones proteins usually are f®a*'^f r"","". ^ healthy person. As a result, a 
J:*::; elHon of Bence Jones proteins « -^'S"^^;" ^c^^ significa'rrt.'overall. the detection 

parents suffering from multiple '^^^'^'^^^''[^^^'^.^^ systemic amyloidosis. In addition, an 
many patients suffering from '•^'^.,^1 J^^^ 

;Sed excretion of a specific globul.n that .s s.m.^ show a substantial increase in the 

^ patients with renal tubular disorders. '^f^^l'^^Jl^^ ha^e searched tor a simple assay for 
« quantity of globulins excreted in the unne. Cd in commercially available teststnps .s 

Sw molecular weight proteins because ff^J^'^^^Z^ ^^^ir^s. Surprisingly and unexpected^. Je 
insensitive to low molecular -^.r^ra t^^Sie trdeted and measure the concentraton of tow 
method of the present <'''^^°"^^"^J,^^Z^^ a dual indicator reagent composition incor- 
molecular weight proteins, fike Bence f ^^^^^^ an appropriate pore size. 

30 porated into a polymerized ^^^^J^Zt^o^ u^ni^ pToteins in that *ey coagulate upon heating to 
The Bence Jones proteins d.«er ^J^^^^^J^^ ^dissolve on hirther heating to the boiling 
temperatures between about 45 C ^"^'^"tZc 'ftJ^^ P~teins has been the basis of aj 
point of test sample. This pecul.ar '^^"f^ ^"^J^XeL The dye binding technique used 
Qualitative and s^'"'^"^""^*^ j^'^^T^f ^^^iSiVeT Sence Jones proteins because the much 
35 in commercially available test smps weSVr^ins. such as albumin, in the urine of a heatthy 

greater relative concentration of ^^"^^^I^^l Bence Jones proteins. Furthermore « .s 
individual effectively interferes witti ^ ^^J^,;^ jgnes proteins, thereby negating the utiHty of 
inconvenient and costly to separate «he albijnm f^^^^ Bence Jone p 

seoarating the albumin from ttie Bence Jones proteins owo^ « ' 1^ orosence and concentration of 
« ''Ta rJL. dry phase test strips are '^^^"^ 

Bence Jones proteins in urine. However. '"^^'^^^^J^^^'J^^^^^^^^^ pore size prevents tiie albumin 
fion of the present invention .nto a ^!;^J^'^''!^''Sn^^^ id interacting with tiie dual indicator 
content of the urine sample from p««lT^ng ^^^^^-^ ^^trix is of sufficient pore size to allow 
reagent composition to cause a co^ ^"^^^Z: a^dTo interact with ttie du^ indicator reagent 
45 Bence Jones proteins to penetrate the . earner mamx 

composition to cause a color transition. „K..min lavels or the presence of low-molecular weight 

Proteinuria resulting either from ^''^l^^^Z plSol^S disorder and upon the severity of 
proteins depends upon the precise ^^j^^" transient intermittent proteinuna 

me specific disease. Proteinuria can be "^"J"^^*^^^^;^""^ ,han by renal disorders. Therefore^ 
50 usually being caused t,y physiologic or functional J^*^ ^ available for both 

accurate and thorough assays of /^^^ teTtSon and measurement of the proteins o 

laboratory and home use. The assays must P«"^'» ^« tha a corect diagnosis can be made and correct 
Sest. either albumin and/or Bence •'""^ P^'^'^^^^'^'^^,^ Zmn. it would be advantageous if me 
medical treatment "^""""t^ S prL "s like albumin, and low molecular weight 

55 protein assay mettiod. both lor '^'Qj^";"'^^.^^^^^^^^ fonnat for the easy and economical, 

proteins, like Bence Jones P™»''«J°f' "^''^^^^^ or ottier test samples. 
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of an interaction with protein, and not as a ^^,^-5^^^ other than protein. NIpreow. K wouid 
pH Change or preferential interaction ^^"fJZTf^^^^ °r^^ex assays and irrdry reagent strips 
Ee advantageous If the protem «»»y^'"«^«L^^'SfS?^^^^^^ or other t«st san^ies. Additionally, 

tor the rapid. ^^^^^^'^Z'':, ^^rsaT o pr^n should not adversely a«ect or interfere ^ the 
the method and composition utilized in the Ksay J^ 

other test reagent pads that are P^^ent onmuWpte test pafl ot^^^ ^ p^^^^l^. 

Prior to the present invention, no known "^^^^^^^J^i the assay and increases the 
included a dual indicator reagent '^^''Z^'Z^eT^ Z «:c^r^ and trustworthy protein 
sensitivity of the assay at tower P'*^'"*"^^ ^^S^anTbeiow. m addition, although a dry 
assays car be made for protein concentrabons '^^^^^^'^11^ „ tetrachlorophenol-3.4.5.6. 
^Chemistry test swpu^lizingasingledye^s^^^^^^ ^ 
tetrabromosuifo neprithatein. has ""f , J^^n^S jSe 

incorporated two dyes to improve ~^'^'";°;;^3^^ dry phase test strip proc«Jures 

--TelCrr^^S^ .... ...3. ..^ in 

. .eS^ln^c^.^^^^^^^^^ 

discS«es the ««sic dye binding »=^2LTa coSt pH beiow the pK. (add dissociadon 

ssiVor dirrd^^nrr^^^ ^ — « - 

. ^^tS^r tX Prior and in con^ast ^ - PlTd^irrm^ 

of the present invention provides increased »«"««2t iJSrS iJoSn tevJs about 30 mg/dL and below 
by utiiang a combination ir^cator dyes, su* J«t .^^^^^ ^,,^3 ^ 

can be detemiined. Unexpectedly s^.rpris.ngly.^e mefl.^^^^ ^^^^ , 

Simple and essentially immedi^e Vrf^e^ce by ^^^^^^^ 

^ method heretofore impossibte ^''^'1°^'^^''^^^ ^^^ '^^^ new and unexpected results 

urine sample. Hence, In accordance ^J^^^^J ^ Z bss^V. of urine and other test samples for 
are achieved in the Cry P»^f^« ^ f^^/' ^^^J^^^^ reagent composition Incor- 

proteins, including low molecular weight P^ot^n'-^^ """f"9 
porated Into a carrier matrix having an appropnate pore size. 

35 

SUMMARY OF THE INVENTION 

. in brief, present inven.on is directed to a new a„^ ^^^^^^ ^^^^^^^^^^ 

the test device, and method of "^""^ *^^„J^~ ^^^ac^t c^^ capable of interacting 

sample. The device includes "^TuSTr^^'^Tfor home use. the reactant composition 

with a test sample component to P««^"«%«,f^S^ TsHe reactant composition produces a response 
produces a visually detectable response. For laborato^u^^^^ J 

. mat is <^-^^^^^^Z^. ':^^^Jl^^' Tl nt L'Tmproved nonbibutous protein 
comprises such ^"^"""^ ^^^^Tpo^^e^zs^^^^^^^ -"^t^"^- ^ '^'^ """'T : 

mined component after complete curing of the ^""^'^^^ ^, ^ay,ng urine or other test sampies 
More particulariy. the ^^^'^'j;^::;:;;^'^^^,^,] Teagent cL^osition. It has been demonstrated 
tor proteins by ^"'^^^ color transitions in aPP-xima^y me 

that employing a combination of '"O'caror °y^-^ increased sensitivity at low protein concentration 
65 same pH range. ^o,cis ,r.prove6^^ reM ^ ^^^^ and/or semiquarv 

ranges. In accordance with an ^P"'^^* '^f^iVmSdL and about 2000 mg/dL. and especially between 0 
Z2 r ^g^rru -"h:" t^jrar is1^«mp.ished. ay u^H^ng .e du. indicator 
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method of ««ying urine or other test «""Pf , P"*;"'^ i^„o,ed protein interactive test device 

M ut»»t a Mlt"" -"S""! , _e»od of sssaylnj utira 0. <*er M llquiO. by 

S 01 ». P~«« ir^. » » a .ne^M ..saylna urtn. or o*o, -s. s.n,pl» 

. nt ¥na nrpsant invention is to provide 3 method o1 assaying lor oenvo vwiwa / 

incor'SQirdul. a dry phase ^e-^ion de>.ce^^^^^^^^ 

^"^s^:^^::^ ---- - ' 

^^"i:Le;t:."re present inven.n ,s to prov.e -^/^ "nf— 
manufacturing the test device including ^^^'^^I'TZ^^^^^u^T^ Z slple. v^erein 
thereof, a reactant composition capable o1 interactng with a '^'^'^^^^'^ ' 
, the earner matrix comprises a polymerizat^e '^'''^^ comprising a carrier matrix 

Another obiect of the present inven on .s ° P^^^J^^/^^* J^^^^^^^^^^^ mixture 
Z^TZ IS^^T:;^'^" ^. to low m^olecular weig. proteins 

, "^noS oP^ct Of .e prese. inven^on is to pr^de ~ed^- ^ 

manufacturing the test device for sensing the P'^^^"" ^'J/*;™^^^;^ of reactinfl wrth a 
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curing of the carrier matrix or after ""^P'^^J^'^^'^^ of me ^^^^^ ^ p^ase test sWp 

A still further ot^ect of the f ^^^.'^L^ the carrier matrix during or after 

capable of incorporating a dual T^^eSd?^ P«««'" '^'P^"^' 

Saoture to achieve a test T'J^^'^Ta ^l^ imSTed reagent test strip, capable of 
6 Another ot«ect of the present St^ •saving a dual Indicator reactant 

.^eraC^ng ^^^J^ P'f « V^rTaT^^^^^^ PO'V-- " "^'^ . 

r^^Sa^-tor^t'r^SdUnc^^^^^^ 

Another object of the present invention is to provide a new ano v»w 
,0 anal^cJpS.lncludingtowmo.ecu.arv«ightpr^^^^^ . 

BRIEF DESCRIPTION OF THE DRAWINGS 
.ppBwt iron, tw (O0o«lns MI»IM tl» cote msWon In the ™ag«« »« 

tf.lb.min M .00 mg/OL ""J"! -'^^S^Sowl.rno, blu. (TBPB); 

36 tetrabromophenol. blue (TBPB) and methyl orange (MO). 

DCTAU^ DESCRIPTION OF 

mdlcao. dy.=. "a-l oow » JCHSsToS. InSoasod. Tno impn^ coto, reaoWon 
" rnid'^nS;," -^Sl^ Ol « 0,a« ln-»n» ,a »P...I, 

ma/dL to about 30 mg/dU and especially from 0 "^^^ about 10 mg/dL to 

„ 7oL concentration teve.s is clinicaliy -J"-^;;; ^^Ho^Te'thy indi>.duai. therefore urine protein 

^ut 20 mg/dL is used as the normal P^'^" ^' i^^^t.^tial protein deficiency that can cause 
. levels from 0 mg/dL to about 10 mg/dL may ^ P^^^, gO^ng/dL may indicate an excessive 

physiological imbalances and prot^ .-e^ S „^^urbe noted' that in regard to urine protein 

Excretion of proteins that can s.gn.fy ^ ^'"^J^^ 1^°,^^ ^g/^L to about 2000 mg/dL. the method 
55 concentrations in tt« relatively high range, such sensitivity to urine protein 

Srthe present Invention s«.. ^ords j^J^-^J^^^SSrV con^trat^on -ge .n« sud, high 

^jorrsrdX^stra^eo?^^^^ 
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.K »««nre of tow levels of low molecular weight proteins, such as 
in further regard to urine assays. j'!^ ^^f.J °s^^ as leukemia or multiple myeloma 

Bence Jones proteins, is indicative of specie ^^^^^^ J,^,^^^^^^^ method of the present invention. 
Therefore, in accordance with another '-^^XJ^uToi \^ ^u7Tr,^^ reagem composition and the 
^ improved color resolution ^^^^^J^J"'^^ |„ urine provides a technique to detect and measure 
resulting inaeased sensitivity to low °' Therefore, as will be discussed more 
,he concentration of low molecular we-gm ^^^^^ '"^^^ device is available to test either 
fully hereinafter in the detaited '^^"^^^'J^^'^Z^ZTg^ protein content in urine by eliminating 
for total urine protein content .n urine, or ^'^J'^^^^ ^J^^ albumin, 
me interferences caused by the '^'S^' J"? ^^^^^ urine, the method .and device of the 

, Furthem^ore. it will become aPf««"^2ne *e rsencH^d Smiquantitive concentration of albumin 
present invention also can be ';;J^^;^^''Z Z^^<=o,^^r.^ of many other albumln^tj-mng 
in blood plasma and serums; and more Generally ,ine biwj invention, the method and 

LSs as well, in accordance with another ''"'»'*«J^™°^^3 ^J^phase assays and. 
composition of the present invention can '«.;7'°^^J^3;%^"^3'ay^^^^^^ the presence and/or 
5 the m advantage of the present .oventon ^'^Jl^^'^ 

concentration of proteins inurine^^ 3^it3b,e indicator dyes, each 

Surprisingly and ""^^S'^' aSeStable and measurable color transition wh.le 

having the ability to interact with ^'^"T^ .^^I^^^J^ and increased sensitivity to low 
n,ain5ined at a constant pH. '^^•^^"^X ^^^^le t^^^^^^ the presence and/or concenfra- 
0 protein concantrations when used .n a ^^^-^^ ^^u ^ ^.al indicator reagent composition 

tion of proteins in a test sample. The ^V^-'^l^f'^^^^^^^^^ assay for protein. Presently, 

provides a more accurate, trustworthy ^''^'^^^ assays utilize only a single dye. 
Soth liquid phase assays and ^^^'^"'^'^^.^^zTs t^^otLepl^^e^^ as ^ indicator dye 
such as tetrabromophenol blue or t«trachlorophencJ-3 4^&-^^^^ ^p,^ 
„ to detem^ine the presence and/or J^Ss and undergo a color transition due 

The dyes presently used in assays for pro^n-nterart w* f««» protein^rror phenomena 

to the protein^or pf«r»mena ^^^.^rw^^^^^^ ^TScSv 
is fully described m Keston U.S. Patent no. ■ disclosed. The Keston patent basically 

the buffers required to observe the P^^'roremSrw^^^^ Pro^ ^"^^ ^'"^ 

30 describes the present day dry Phase test fJP',^°;'J;'^"^^^ undergoes a color transition at a 
total protein test strips generally ^^^^^'"^'^J^Z^Z^^^diaZ dye slightly below the pH 
strongly acidic pH of 5 or f ^"f dye essentially assures that the dye 

- rS'Le w* an important feature ^ ^VS^-^^iti^^^^^^ 

judicious selec^on of a pair '"^^^^I.f ^^.'^'^.ST^ both suprisingly and 

and trustworthy assay for total f ° ^"^f ' "l"^^^ m a dry phase test stick comprising a 

unexpectedly, by incorporating a d"^' -^^^^^^f^^^^^^^^^^^ or membrane, the selective detec- 

« carrieVmatrix comprising a polymer.zed is accomplished. In addition, the 

ton and n^easurement of Yri'^S ^c^^^^s Sv«l without having to separate the 

detection and measurement of ^^^^"^^Jr Z^^ such as albumin, from the test 

predominant competing and '"^'^""O l^'^^'^^^n^d^^ step Is avoided. Furthermore, a 

sample. Therefore, a «'^''"~Se ?Sd TS^^^^^^ Pert°"-^'« ^""^^ °' 
« method of fast, accurate. «P'«*"°'»'«^J„*^f*°2^„^ weighTproteins. is achieved. 

yiekl essentially immediate assay '^^^^ ^^^l"" ^^J^Z,7m it is imperative that the dual indicator 
,n order to achieve the benefits afford^ b^^^^^^ 

reagent composition includes a su.table "S^^^^SlSiator dye, the incorporation of two indicator 

especially at relatively low protein concentratior,s.js.r^^^^^ phenomena previously discussed. 

The method of the present .nvenfon "tiHzes the PJ^^^'^^ ^ composition introduces the 
55 However, the incorporation of two indicator dyes -"to the ^"^^^J^Jr dyes for the available protein in the 
principle of competitive interaction between e^h of the ,„teracts with a protein. 
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tivaa each having an approximately identical color 

accordingly increasing assay sensitivity. ^ ^, invention, provided 

^general, any two pH '"^icatordyes <m to utih^^^^^ ^ dye is capable o^ 

that three basic requirements are ^^ '^^^i^^r^^^' '^""^ 
interacting with proteins and ^^'^^^jj^^^^r^sge^ corr^r>o^on must preferenba^ y 
protein Interaction. The indicator dyes '^''^ ^^JS^or fSrsicai interactions with non-protem 
Interact with proteins as opposed to any .^^T '^"^^^'^^^actions with non^)rotein components could 

overcome the effect of the buffers. ,„„3, affinity to interact wilfi proteins. It has 

(n addition, it is important that each dye « approximately fifteen times greater 

been found that If one dye has '^'j^^J^J^^^^^^^^y^^'^y "^^^ P™'"""!" 
affinity to proteins than the second '^'^^'f^^on that does not accurately correlate to the 
fnter^on of one dye with ^^Vs^tie'^^^^^^ '^ve to effectively interact 

a" sir?: ^r:^::^^^ -rac-on Of second dye with the 
25 proteins present in the test sample. indicator reagent composition must undergo a 

Secondly, each of the indicator dyes utiteed '^^^^J^'^^^^ m pH range for color transition 
colorlansition at approximately the '^^"^S^^ZZ^ achieve the full advantage of 

between the two dyes of "P.?f»"Vf ""^ Ir^^mn between the two dyes is preferably 
the present invention, the "P" ^^^^ Spr^mately equal, pH color transition range « 

30 limlt^ to about 0.2 to about 0.3 pH -.s maintained at a constant pH. usually 

required because in the dye binding '"'Jf^^^ the color transition occurs because of 

Stiy below the color transition pH range of me ^^-^l^^^Z^^ «ith the method of the present 
anlmeUon with a protein and not bec^se o a pH ^^^^ej the dye changes color, in 

approximately the same pH range. composition must undergo color transitions that 

Finally, the dyes employed m the '^f'f^l^T Jhe benefits of improved color resolution and 
« do not mutually Interfere with one another. ^^'J^^^^:,^^J^^^^ undergoes a color transilicn from a 
increased assay sensitivity can be ^''^^.^.^'^"^^JJZ affided by the present invention also are 
less intense color to a more .ntense Sm^llar y J« "^"^J-" ^ ^^^^ ^^^.ition to match the ong-n^ 
minimized or negated in situafons wherein ^^^^^ ^"''^^9 „ ^atch the original color of the 

color of the second dye. and the ^'^J'^'^'^^^'^J^Z^Zt^ a protein, the first dye is red in color 
« first dye. For example, if at a '^^^ '^^'^^L in a test sample, the first dye undergo^ 
and the second dye is coloriess: then "P°" '"J'*^!'" J"?^^^ undergoes a color transition from colorless to 
a color transition from red to colorless ^^J^^ S^srv^ a^ diminished or negated, regardless of 
red. the benefits of improved color «f ^J^^^'I^Sre. in order to achieve the full advantage 
whether the assay is monitored v'^^^'V °;^^,J'^7j2^^i<Sr .^agent composition are selected such 
50 of the present invention, the dyes ^^P'^^^ " ^^'a'SSS colo?. and the second dyo changes from 
JTe^trse^irrdr.^^^^^^ - - to a more intense color .at 

differs from the more intense color of ^^^J^ the method of the present invention. 

It has been found that any pH indicator <^^J^°rZ^ ^.gpabie of interacting with proteins to 
^ pro>;Ud that both dyes of the dual '^'^^^^ ^^^^^^^^ same pH range. Depending upon 
undergo a sufficient and contrasting '^'^J^^JS t^^L wrth proteins, intensity of the color 

rr::iL^:fcar^^^^^^ - - - ^^^-^^ '- "^ ^ 
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^ • ^i^,tnr dve Of the reagent composition can range from 
Indicator reagent composition to the ^''^'^ from atxjut 3 to 1 to about 1 to 3. The exact 
approximately 5 to i to approx.m«ely 1 ^ 5. and proferent^ composition can be 

Jo of the first indicator dye ]^^^^^^^ZXsV7r6er to produce an assay for proteins having 
detem^ined by those skilled In the aj ^^^^^^ X"^" 'Z indicator dyes utilized in the dual indicator 
a,aximum visual color resolution and "^"^JZTJZZetreci by methods well known to persons in the art. 

c^JaTe-ndS^dves^arepre.^^^^^^ 

A combination of Indicator dyes as iZutntitative concentration of protein in urine or 

, improved method to determine ^^^^''IZ^jT^Z Z indicator reagent composition of the 
other liquid test samples. It has been <lern^^«^ Slre„«ite and measurable color transition, either 
orasent invention interacts with proteins to produce a ^""^^^ However in addition to the combina- 
a-^or by instrument, due to the 'P^'^^'^^'^'^T!^^^^^^^^^ a sufficient amount 
Tontf dyes, me dual indicator reagent '^^^JJ^,^! ^sTS^a pS sfJft. but will change color 

™rrrro:sss^r. 

ir^jicator reagent composWo« of P;*^"^,'^,^^^^^^^ in the incficators because 

,0 composition at a substantially constant P" *° P"^'^^^^^^^ ^^^^g^, due to a variation in the pH of the 
of the presence of proteins ^a™^ «> '^'^J^^ ^oLTof bl MncoVated into the dual indicator reagent 
protein^ontaining test sample. As a ^ quantity of buffer usually falls between aboirt 

composition depends upon the nahjre « '^^^ 'JJPJ, ™ J^cuS cases the amount of buffer can be 
100 millimolar (mM) and about 500 '^^'"'°}"-^°^J^Zeo<i upon, and vary wtth. the indicators 
25 above or below this range. The nature of the buffe^ used w.»«pe ^p^^^^^ 
incorporated into the du^ ^^^1^ at a pH value only slightly below 

results, me pH of the recent composrtongenery s^^^^ composition undergo a color transrtKjn. A 
the pH range wherein the '"^'^^^^^ v2e fofthe particular indicator dyes of the reagen 
„,ethod of determining a ^^^^^ used in the dual indicator reagent 

30 composition and of detemiming the P^";''^,^"^' f ^ 

composition is found in Keston. ^ "^^^'1° . reagent composition is preferred, a buffer is 

. Although the use of a buffer m the P^««"^, '^^'Jf ^ to add a buffer to the unne or 

not essential in all cases. For example, .n 'Pec^" cases " ^^^^ composition. Also the test 

other test sample before the ^^'^^X'Sf Te S«^r tj^ anT n .he pV amount to mantain the 
3s sample may already contam a ^"^J^f-^aTSe Composition may be insensitive to pH changes. In 
composition at a constant pH, or the dual mAcator dy® ingredients in the dual indicator reagent 

such cases, the two indicator dyes l^^^^^lJ^'^^Tm^^^^- ^^'J^L?^ 
composition. However, it "'^ 
materially alter the nature and the ♦""'f'°" reagent composition. Ukewise. other such 

^ with the protein assay, also can be ^^'^'^'^^^^^^'^ ^^^^^Ta^ plSicizers. 

non-essential ingredients include nonact-ve bac^r^d d^^ .eagent 

upon contact with the unne or /^^^^^P'*' * ^«e the intensity and degree of the color 
composition demonstrates the presence of P"»*«";^,!f*,"^^„;2n of protein in the test sample by 
^an^tion can be used to determine Jhe XTeTst s^Te to ^ by « 

« comparing of correlating the cotor ^''^^f^^^'l^J^^^^ of t»^ present invention, rt has been 
known concentration of protein. In ^'^^^"^^^^■a^^^ somtientiv resolved and differentiated 
demonstrated ma. the dual indicator "^P-'J^/jersLple can be measured and accurately 

color transition such that the amount of f^'^^'lJ^^^^^l^'^J^^ spectrophotometers or colorimeters, 
determined without the use of .sSl t^measure the difference in color 

50 However, if desired, such "'^^--^"""S '"^^^^^^^ concentration. 

degree and intensity ^'^^f fsu^Tably buffered dual indicator reagent composrtion 

Accordingly, an assay for pro e.n ^^^^^ a^o increases physician confidence in the assay, 
improves the accuracy and reliab.hty of the assay and ^ « .ncrej P r ^ ^ ^^^^^^ 

Additionally, because of the number of "^^^f^J^J^J^jTn the iL^^^^ " is imperative to pn>vide 

indil^rtsr^ b^rras^s^^^^ - — — ^ ^ 
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present Invention. TABLE I 
several other suitable indicator 
approximately 5.2 



It vjndargo a color 
TABLE I 



sently used in assays for protein, plus 
in the pH range of approximately 2.8 to 



PROTON INDICAT 

Indicator Dye 


OR DYES 
Color Transition 


ApproxiiT\ate pH of 
Color Transition 


Brtsmochlorophenol Blue (BCPB) 

lodophenol Blue (IPB) 

Rose Bengal (RB) 

Bromophenol Blue (BPS) 

MeVnyi Orange (MO) 

Tetrabromophenol Blue (TBPB) 

Bromopyrogallol Red (BPQR) 

Brotnocresol Green (BOG) ^ 

Tetrabromophenolphthaleln ethyl ester (TBEE) 

Bromophenol Red (BPR) 

HLO 301" 

Bromocresol Purple (BCP) 


YellO¥v-Green 

Yellow-Blue 

Colorless-Pink 

Yellow-Blue 

Red-Yellow 

Yellow-Blue 

Yellow-Red 

Yellow-Green 

YePow-Qreen 

Yeltow-Red 

Cotorless-Qreen 

Yellow-Purple 


2.8 
2.8 
2.8 
3.0 
3.0 
3.3 
3.5 
4.3 
4.3 
4,7 
4.7 
52 



1 1.aza-6^ia-[S.12-naphthacenequinone]. 



• • A- H»«« in TABLE I is a partial list inclulding dyes that undergo a color 
The list of protein indicator dyes '^T^^^ conducted at an acidic pH and using an 

transition at an acidic pH. In general. ^^V' for proBj Si^Te indicator dye can interact more 
indicator dye "'^^^"S ^f '^J.TcXiue^ Sfna^a^dTteraction i:ietween the Indicator dye and 
strongly with the protein at low. aadic pH values. ^ ^ positively-charged cationic 
the fSotein at low pH vjues ^rs ^« ^.^Sc^te mT'^^d' additioLly. Secause ^ 
protein molecule and the negatvely-charged ,„crease the ability of the protein to 

kcidic conditions serve to partially denature P'«t J thTSer indicator dyes, capable of 

Sact with the indicator dye. However. K f-^'^jT^'^XJ^^^e ipiS^mately 5.2. ^so can 
interacting with proteins and undergoing a color transition at a pH value aoove 

be employed in the method of the ^'^^^^'^^^'l;^^^ ^ ^olor transition either in the acidic or in the 

of the present invention, and having a pH of ^'^f JJ^J^^^J Ec Is (1976) and in Handboolc of 
' are found in The >" 

Ch emistry and Physics. 5Ut Edition, pages and distributors. 

i3n55irpHTrdi^itF37esa.Bavai.^ 3,^,, combinations of 

in accordance with an Important feature of the P'^f"\'™° ^^thyl orange (MO) can be 

indicators are envisioned from the "^"^ JJtlnohei. bl^r blue (TBPB). 

" combined with bromochlorophenol blue (^CPB). bromophenol WueJ^BTOMe^^ 

or lodophenol blue (IPB, to P~^"- « ~f ^^"rnS;^^^^^!^^^^^^^ <'^0) ^"^"^ 

inaeased assay sensitivity. In each case. cotor transition, the resulting 

prior to interaction with a protein; whereas after "^'J^^^^Jl^^^ ^ blue of the second dye. 

Sellow color of methyl orange (MO) will be ove-°me by ^^^-o™ J*^"- ^p^," ^^^"^.nyl orange (MO) is 
» .n addi«on. each of '^ese second .ndic«or dyes ^^^^^'^^'^X^ I approximate pH of color 
capable of interacting with P'<««^;' '"^fpj^ for methyl orange (MO). 

rcSgirrs^^.^ U^^^^^^^ (Sb) Ly°not be sul^. indicator dye . be combined 
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^ > „Hi«tnr raanant comoosition. Although rose bengal (RB) can 
with methyl orar,ge (MO) to yold a ^-^'^^^XZ^P^^ates the pH of color transition for methyl 
interact with proteins and has a pH of '^^^ to pink is sufficiently similar to the cotor 

orange (MO), the color transit°n °f -se of increased color resolution, and 
transition of methyl orange from rod to yellow such tnai ui 

therefore improved assay ^'^^'^^■'^^l,''^^.^^^^^ yellow to red color transition, can be combined 
in another example, bromophenol red (JPR). ha«ng a y«"j;^ ^ ^^rr^ of yellow 

with bromocresol green (BCQ). '^^^'"Q. * ^^''^^ * JSTS^Snu" est sample. Similarly, bromophenol 
to green to purple, in response to '"«^«;'^''" ^Tcort^^ ^amino-ll-aza^thia-tS.IZ. 
.ed (BPR). .0 green, to give a color spectrum of 

, naphthacenequmone] (HLO 301U««ng ^„ ^f the test sample. 

yellow to orange to violet, m V^'^^X achieved by the method of the present invention, a 

To demonstrate the new «?f ""^^Sna Tindicato^ br<Siophenol blue (BPS) and methyl orange 
dual indicator reagent composition induing ^J"'''^'' ° J ^ content of a test sample. 

(MO), was prepared, then ^d ^^"J^J^^^J.^)^^^^^ undergo a color tran^^on 

5 Both bromophenol blue (BPB) and »X«hflnrwr(B color from yellow to a deep 

at approximately the identical pH of 3. The broflwphenol Wue (BK«> 9 .^^.^^^^ ^^^^^ 

Wurand the methyl orange (^O) c.«nges cdor ^^^^^^ ^^^^1 (^0), along 

ZT:^Z:::'^'ZZZt:r:Z^:'s^^ TaWe l. upon contact wl. standardized 
fo protein solutions. 

TABLE 11 



COLOB TRANSITION OF METHYL 
ORANQE-BROMOPHENOL BLUE DUAL INDICATOR 
REAGENT COMPOSITION UPON INTERACTION WITH 
cTAMr^ARDlZED PROTEIN SOLUTIONS (ph-3.2) 


Concentration of Standardized 
Protein Soluton (mg/dL) 


Observed Color 


0 (blank) 
10 (trace) 
20 
30 
60 
100 
300 


red or orange 

yellow or very light graen 

light green 

green 

blue green 

blue 

dark blue 



.accorda^ewHh an import feature o. .e p.^^^^^ 
by using the methyl In contrast, all prior art methods 

differentiation between protein concentrations °' °- ^g^^*;^^^ protein levels in the 0 to about 15 
employing a single -dicator dye are unable to^^^^^^ ^^^.^^ , ^ 

mg/dL range and provide only mir^mal ^,„eased assay sensitivity is achieved^ 

riTTt^J s^^^p" e::: rabo^^mg^dL and b.ow to ultimato. yietd more accu.te and 

-T:;rfrrateous,.i.i^^^^^ 

, composition is produced first. f^^^^'^SJe (bS SSi^ 0-83 millimole) of methyl orange (MO) -n a 
0.60g (0.90 millimole) of bromophenolblue (BPB) ana "-^^ ^ ^^g, i„^,^tor reagent 

sufficient amount of a 100 -^^^^^^.'^^^ ° p^^^^^ 

' ^istrrrgj^^^ 

^°^^g^nel'^SeC^s^^^^^^^^^^^^ -ay for protein, the du^ indicator reagent composition is 
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fansitton. However, an excess amount "[^f^^'^^'^^Z^^Bre essentially precluded. Usually, a 
any non-specific interactions with "°"-P'°^!l,'«^^ti^3^^^ range of about 0.5 mM to about 
toi concentra«on of dyes in the ^-^^"^'J^Z^^Zcoior transition, either visually and/or by 
5 mM is sufficient to provide a f^'f^^^^^,^^^ tfirough dye Interaction with non-protein test 
instrument, and to eliminate or ^^^^Z^tlo.. it has been found that a total 

sample components. To me range of from about 0.5 mM to about 

dye concentration in the '^"-'J"*'^ '^^^'^^rfoCnr^^ addition to the citrate buffer used 
2mM is especially T^Z^ ^te^^siyy constant tevel by using any 

, in the above example, the ^^^^Ired pH «in be ma^d « phosphates, borates, 

suitable buffer, such as malonate. lactate. t"<*'f°™^;. ^^""S^) N-Z-hydroxyothylpiperazine-N -2- 

^rpira^s:^r<SS^ ^ ^[ '""^^ """^ ^ 

5 well known in the art. -^m,^ in the dual indicator reagent composition do not necessar- 

Additionally, the two indicator dyes H«luded ^^^^^^^ ^ J depends upon a variety of 
ily have to be present in ^""^J^^^-^^IZiZZd ability of the dye to Interact with proteins, 
parameters, including the intensity ^'^ifZ^^^i^ZZ^d^io the second indicator dye within a range 
0 ^fTm^ar5?1rrut^1^o nZr^^^ o, from about 3 to 1 to ab«. 1 to 3. 

pStesthefulIadvantagesandbenefitsoftheprese^ is well within the 

Furthem^ore. in accordance _^lh anom..mp^rt^ fe^^c^ «to pr^^^ ^ ^^^^ ^ ^^^^ 



^" F7r^;m,ore. in accordance ^^J^f-'^TS St^^c^s^ d;;;gn a system for the 

experimental techniques of those sk.«ed.n the art^ ^^^^"^^ by varying the relative 

aqueous semiquantitative assay ° .f>^ Z^i^c^oo^, and urine sample, and by varying the 
amounts of aqueous solvent. 5"^' '"^-^^T ^Jf J^'^^^ 

identity and amount of dyes and ''""^■JJ^^^^f ^J^SS^Sds derived from solutions of known protein 
comparison, either visually and/or by nstrument. to coior sanu-us 



cuiii|^aii9wiit # 

concentration is possible. nrotains the dual indicator reagent composition can be 

,n addition to the wet phase, aqueous jBsay assay foTprotein that utilizes the 

used in dry phase, test pad assays ^ ^^^^'Z^^^^i^^r^^ well known in the art. In 
dual indicator reagent composition '^"''r other test sample with an analyte 

general, the assay for protein is ^'^rt^'^ZZ^Zr^oZ^^y^^ deteSon device can be 
letection device that includes ^J^'^^'t^ SpS io the analyte detection device dropwise 

, analytes simultaneously). For fj^^'^rl a Sn^Sc ^St^^^^ reagent test pad. comprising a 
strip, or handle. nom,a.ly consnicted ^^'^^'^^J^ ^ absorbant material that allows the 
bibulous or 7'''^"'°"f„^„'^'t'iK^^^ the matrix to contact the indicator reagent 

Sp^^nXre^^S^StS™ .,,.d to 

s The carrier matrix can be any ^^^l^f^^ " sXS^fially inert with respect to the chemical 
perfom, the assay of interest. ^^^^^Jlf ^J,^,^^^^^^ The expression "carrier matrix- 

reagents, and is porous and/or f «^"t IV are "resoluble in water and other physiological fluids 

refers to either bibulous or "onbibulous matncestf^rt are ms«rtu«^^^ physiological fluids. Suitable 
and maint^n their structural -.tegnty '^^^ ^'^^^'3 '^;,^3; ^^^^^ 

0 bibulous matrices include filter and preformed or microporous mem- 

the liice. Nonbibulous matrK^s include ^'^^fZ'^^lmZrga^^ powders, such as silica gel. alumina, 
branes. Other suitable carrier .-natnces include ^J^^cJs S hydTpt^lic natural polymeric materials, 
diatomaceous earth and the tike; ^9' ^^^°"',!";f"°f ^^''^ally Rber-contain papers such as filter 
particulariy cellulosic material, like ^^^^^^^^ XS^curing polymers, such as cel.utose 

55 paper or chromatographic paper. ^^"J'^^^^.J.^s. crosslinked dextran. agarose, and 
'acetate, polyvinyl *'«>J^«' f^^J^^^^^^^ po.yn.ers. rfydrophobic and non- 

other such '^^"^^""^^•^^^'loTsSrS us^^^^ oi the present invention. The carrier 

absorptive substances are not suitaoie ror uso «. 
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• , „«««r.n.! or a mixture of chemical compositions. The matrix also 
„,atrix can be of different chem.cal cornpo««^s ^^^^ softness. However, in ev^ 

can vary in regards to smoothness ^^^:°"f ""'^"Ssorptive material. The handle usually is fonned 
instance, the carrier matrix mus^ mdude ^^^^'^^ "^^^^re. terephthalate. polycart»nate or polysty- 

rrc^n^'^s^^^^^^ ^ - — 

^'TS. the fun advantage of.e P'S^r^ iStS^ t;nSy^nl 
impregnated into a suitable carrier matnx a"^,"*'''^ 'an ecSc^ accurate and reliable assay for the 
total concentration of protean .n tes^^^^^^ measurement of low protein 

the rriethod of the present '^^"^^"^f^JS^e assay more useful clinically, 
concentrations in the test sample theretore ^ j^om a dry phase, test strip assay tor 

^n accordance with the method of P^T* 1'^^^;,*°^ 5 mM total concentration of the two 
protein, a aqueous solution. ir«:luding from °f ^^J^^.^lTfi^st is prepared. A bibulous matrix, such 
indicator dyes methyl ^J;'''^ ^^^'^^ ^^us solution ^ntaining me two dyes either 
as filter paper., then is ^^^^"T^,^ onto sheets or precut strips of ttje filter 

by spreading, by immersing or by ^^^^^J^^' ]^ ^ air oven at about 50 ' C. for about 20 to 30 
paper. After removing the aq"«0"S solvent by ^^^i a 250 mM citrate buffer at pH 3.2 either by 
minutes, the filter paper then is saturated and '"'P^QJ^ a Vor approximately 20 to 30 minutes, the fitter 
immersion or by spraying. After oven drying ''[^'^^^'^^^^^^ ^ an appropriate size, such as a pad 
o«jer impregnated with the dual indicator reagent f^P^^'^^^'^ ' ^^^^ , .0 cm. Alternatively, it is 
S^ng dimSsions from about 0.25 cm by about 0^5 cm ^-^^^^^^^^^^^^ and therefore avoid the 
l^imes possibte to -mbine all the .ngred-ente^.^^^^^^^ recommended if the 

Td^:: rsrcSSt^w^r SbS^h"^^^^^^^ cause some Of 

me dyes to leach out of the "bulous mawx^ coniposition then is secured to an opaque 

The filter paper Impregnated with tt^ '"^ The resulting test strip then was 
or transparent hydrophobicpla^c ^"f IT* ^fa sSSie.^^^^^^^ to si^rate the test pad with the sample, 
dipped into a fresh, ""^^'^J'^^f "J.^s^'^s'^^^ the test strip is examined, either visually 

X^nJ^rfoTrronr^^^^^^ « of .e .St pad reveals the presence and.r 

concentration of protein in the unne sample^ at^ove, it is well within the 

Analogous to the aqueous^ Uqu^ ph^ ^\Z^Zg test devices to determine the proper balance 
experimental techniques of tf'ose skMled in ttie art ot pr^^^^^^ solutions, the amount of test sample, and 
be^.een size of reagent pad. the ^"Q^^*^,'!^"'^'^^, ^ by pipetting rather than dipping, in order 
m method of introducing the test sample to ^'P' '^^^ ccSnposrtion the present invention, 

to design a semiquantitative assay P^^*^" "^^^"^^^^^^ desired in.om«tion. If more 

in many cases simple v,sual ot«e^^on f^^P corresponding to various known protein 

46 and the dry phase, reagent stnp assay can be ^^ae m ^ ^ ^ ^^^^ accurately 

colorimetric techniques, as opposed to ^'"^l techmqws^ m txae concentration of protein 

measure the degree of color transition. ^'^ '''^'^'I'^.'^^t^i^to^ 30 mg/dL 
in the test sample, especially at lower P'^^^^^''^!:'^^'^%^r^ FIGS 1 tnrough 4, tt^ ability to 
AS will be discussed more fully hereinafter ""^^^^J^;^,^, in a test sample by employing a 

so detect, differentiate between and a metr,od of assaying for hard- 

dual indicator reagent composition ^"^P"^'"^'^^?^"^;^^^^^^ sample. For example, the presence 

to^etect low molecular weight proteins ma may 0^P^«^^"^,;^^^^ ^e patient suffers from 

• of low molecular weight Bence Jones Pf°'«'"f " ""7 ''^tm day methods, the detection of Bence Jones 
teukamla or multiple myeloma. However. a<="'2n tJJS^ that is expensive and time<onsuming. In 

55 proteins in urine requires a hem pr^P'^^^", ^S^rfor ince Tnes proteins because the high 
addition, dry phase test stnps have ^j^, and mask the Bence Jones protems 
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Bene. ..es proteins and .ere^e .3 «9. -.e^,^f^^^^ 

Jje Fu^elore. separation of the S^ncojonesjote^ns ^^^^^^ ^ 

Xr^sive and time- consuming as the ^^^"^^ ^LTess m^iipulative test. Accordingly, until the 
:S^tion step...prior to a dry ^^^'^^^^^^^^ .Jl^i^sb^^ to accurately detect and 
method Of the present invention, no dry phase. jp uHne. 

7Lre the low concentraUons of Bonce^ J^'of P«s^nt invention, has been demonstr^aed 
Therefore, in accordance with an '-^f^^^^^^iJl^nto a suitable carrier matrix, the presence and 
tnat by impregnaong the dual IndicJ^^ '^T^^'^o^t.^^^o.^ by using a dry phase test JP^ 
concentration of Bence Jones P"^™ ' """'^^p Lay of Bence Jones proteins is ^-"Pf «^ 
surprising^ and ""''^'^'^iJ^^.t^otS ^J^thT^^^^ without a masking of the Bence Jones 
without separating the Bence Jones Pfo«»'"«._^"^ "t,!!, «oi«.ui»r welaht proteins present m the unne. 



without separating the Bence Jones ^^''':Z^^r^^^ weight proteins present 

TrotsJ^ asSy by the more abundant ^'"""'^^'^'^^'^yoi p«teins in test samptes gene-Blly 
previously discussed, a dry phase ^^iSSeStlSaJx ratTS>enile to treatment and impregnation 
includes a carrier matrix ~'"P^^'"9f T^T<^<^er test sample to pem^eate ttia earner 

with an indicator reagent composlton; ^"J^^ ""^J^^^, ^ ,hat does not contaminate the unne or 
matrix rapidly enough to obta.n ^'°^'^^^!^^lZrr.JLne,^t^ comprising the carrier matnx or by 
other test sampte either by test »^P'« 'STTn a wa^to rnake the subsequent assays inconclu«ve. 
appreciably altering the urine or test sample .n a way 



apK< " 

inaccurate or doubttuf, 
If the 



^rS'-designed . assay for the t^ -ot.n^.e. o.^^^ s^p.. ^^^^IZ 
t« any bibulous ^non-bibutous materia, mat ^tow^PJ^^^^^ 3,,.,eve the Ml 

area of the test strip that is i-P-9"«^f J* ^^pr^n content of a lest sample the carrier 
advantage of the present invention. '^XM^JM<^nM^s,soa. as paper, and preferably fiter 



""'^rirrr^bSJ^.^nd that in utilLng «^V"^rToS"U";^pS;s^:c^rBeS 
de^ceTStTrmre the P^^^J^Zr^^^^T^^^Z SSuTmSS'ar: unsuitable, THe fmer 
Jones proteins, in a test sample, the ti ter ^"^^ ^^l^^^^j^ porosity to allow the relatively high 
p^er Sbulous matrix and related ^^^''^^'^^'^^^ t^^^ an<l '"^^^r'' 
m^ecular weight proteins, such as »^3P;,^ro produce a color transition. Therefore, the proporton- 
the impregnated dual indicator reagent "f^lf „ _^sent in the urine or other test sample 

X lafge'amount of relatively high mol^u^ weight proteins present in the te^ 

precludes detection of the Proport»na^y ^mal jo^t on° ^^^^^ .^^ ^ ^^^.^^ ^.j^x possessing 

sample. As a result, by incorporating the mo\ec^^\3! weight proteins and simulta- 

a^'rosity that is sufficiently rS,^,;,^,^^^ ^^^^^^^ by the low molecular weight 

welaht proteins in a test sample. ^^^^t inwantion it has been found that a polymerized 

Lcordance with an '-P^^i'^^^J* "^^^^^^ sufficient porosity to allow 

urethane-based film, layer ^ ,"''^^J^,^^\^^^^ Bence Jones proteins, and simultaneously to 
penetration of the low molecular weight proteins, such «^ ^^^jng, such as albumin. As will 

« ^ent penetration of the more abundant relatively '^'^^"'"'^^"f. 3^ hereinafter, the dual indicator 
TdeSated in the embodiments ^^.^^^'^ZTZ^^ S<-. '^V- - '""^ 
reagent composition can be incorporated mto a f^^^^J"^^ the formation ot the polymenzed 
afS forming the -ethane-based fi^mjayerj^^^^ „rethane-based^ra 
urethane-based film, layer or "?*^!^'' ' u»^^^ before the film, layer or membrane 

50 layer or membrane must be treated with a suiteblebuffer. J^^'J JV^^ urethane^Dased film, layer or 
be used in a device to detect protema^ ^ 'St t^^etSt^d measurement of Bence Jones 
^mbrane must possess a suitable ,P<>'««tyJ° S";; ^ '^^^ urethane-based films, layers, or 
proteins in test samples. It should also ''^^ ""J'^''^' "'p,,^^^^^ allow penetration by higher molecuter 
. membranes can be produced J^;'^ = f^Sz^^^^^^ films, layers or memb«nes can^^ 

« rmS& present invention to assay a liquid sample for total 

found that in order to prov^e a polymerized ure«,ane-based film, layer or membrane of ^ 
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J ,.,^h oe a nrathane oreDOlvmer, is included in an incompletely 
appropriate porostty. a u..thane <»mpound^^uc^^^^ polymerlzatte 

cured form as a component of ^P^'^.^T^f jhe liquid vehicle, being removable from 
urethane compound is dispersed or ^'^7^ ^'^^^J^Jl^^rethane^ronte composition, aito^ the 
the dispersion or solution dunng ="""9 ofj^ polym^^^ 

polymerizable ^^^^''/''^Z'Z^oTel Z S to unexpectedly allow penetration of tt.e relatively 
cured layer, film or membranetes ^^^f/^^ J^!! Jfrelativeiy^^ge high molecular weight proteins. The 
small, low molecular wetflht protems ^J°J^^^'^Z .uL^^ function as the carrier matrix in 

matrixTs cut into strips, then into pads, and ^-^J^^^ ^^sltion. including a urethane 
, ,t has been found that the P^'V^""^^ mixSres thereof that are capable of 

compound like an oligomer, prepohrmer. membrane when cured or polymerized 

polymerization or further PO'^-^f '^S^' = 2^ ^u^'ng curing to provide a film, layer or membrane 
upon removal of the continuous J' f P*'^!^^^^^^^^ and essentially no permeability 

unexpectedly having sufficient Pe^n;««f '^^ J '^e urSSte ^Siu Jafter dissolving or dispersing In a 
, to relatively large molecular we.gh 2-*^^^^^ ^^"^ ^ 

continuous phase, such as ''^ '"^'"'^"^nLnTciiTncruS fsv^S^e curing catalyst or can be heat cured 
solu^on or dispersion of the "^t^J ^T'X^n^e urlZe compo J.d is applied as a layer in the 
so long as the solution or '^^^^^ ^^^^Q^„^i,, , ^ urethane compounds that are useful .n 

both available commercially from BAYER AG. essentially linear polymer of 

,5 The expression 'urethane prepolymer ^ undwstood to ™^ functionalities per molecule, 

repeating urethane units. The ^^f^J^^^l^X^tZn^r^^^^ weight of at least 50,000. 
and the polyurethane prepoiymer should have a we gni averay » example down to about 

Srethane prepolymers v^ith weight -^^'^^^ ^'-'^^'^^^'IZ^^ ^^^^^ 

30.000. also are useful so long as the ^'^^^^^^^.^'^^.Tt^Zi or otherwise dispersed in a 
« The maximum is one wherem the ^^^'^^J'^^^^ dimethylformamide. For the incom- 

liquid vehicle or continuous phase, such as ^^.^^'^l^T^J^^^ ^^ights of up to about 500,000 are 
iely cured dispersed urethane ^^^J^^^ to the molecular 

expected to be practical for P;,-^";^^^^^^^^ the full advantages of the present 

""Z. urethane compound, such as a urethane P-P^C^ellitre^^^^^^^^^^ 
can include other monomeric units that '^^'^ZTZTJ^t^^Z mon'omeTunit into the 
isocyanate containing monomer, hydroxyl "^^"^ method of the present invention 

so urethane prepoiymer. Si-'^^^j! ^J^^^^^^ KPK) in nature. More 

can be either neutral (DESIVIODeRM ^^B"). '"-o"^^^^^ 

particularly, DESfVlODEBM KBH is a neutral '^'^'."^"P'fff glycol and 30 n,ol % 1.4- 

by reacting 75 parts of- a polyester of adip.c acd. .nclud.ng 70 mol '"'T^^^^^iZ^ , 2.250); 25 parts 
b'utanediol (M. = 2,000): 25 parts of a ^r-^^'^^^l ii^tJ^sT ine«I are formed by a 

l.4.butanedio.; and 85 parts "^'P^^^^-^^^f^f r^XoSnfrJ^^^^ vvherein the amine portion of 

reactiondapolyisocyanate.apolyoland a h^^^^ ^^^^^ 

me poiy- urethane ^""^'^^^^^^^ ^^.^^^^^ KPK is a cationic. emuislfier-free 

neutralized polymerized urethane m water. Accoramgiy. « 
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add and ethylene glycol (Mw ■ 1 .700). » 

6 parts p-xylylene dlchloride. invention, after mixing with the other 

T^y event, the urethane compound Ml ^J^^^^ ^ « film, layer or membrane that 
components of the urethane-containlng ^'^^^^^"'^'^^T^ molecuiar weight proteins and 
Ss aphysical and electrical charge JuSwe tt should be understood is that the 

,n,per'ous to relatively high molecular ^""l' ^^^^ compound, a cationic urethane 
urShane^ontaining compoaition can ""J»"^;,"^ ^onic urethane compound. The urethane 
compound or a mixture of 8 neufral , ^ge of from about 3% by weight to 

total weight of Bie ^"^^"^''^J^^fZ percentage of urethane compound used in the urethane- 
As will t» discussed more fully hereinafter, the pe^^«g ^ „eutral. cation.c. or a 

containing composition, and the n^o oi ^ " ^^^~2^ lity of color production, and the 
5 neutral/cadonic mixture, affects the '^^J^^^^ of the present invention, analyte test 

« sraSr^ubS^^^^^^ 

Som^ning composition, of a '^^^^^^''^^'^S^^^S^ as long as the filler is white in color 
M exact Identity of the inorganic ""^J ^asurement upon interaction of the indicator dyes and the 
so 8S not to interfere with color detecUon '"'^^"^^^^J^soluble. such that dissolved anions and/or 
protein; and as long as the InorganK: '^^'^^''^J^^ZTL protein assay. Therefore. Insoluble 
cations are not available to Interfere '='^^fl°^^^^^ n^ethod of the present invention mclude 
inorganic compounds that can be used '^^^^^ZZ oxide, calcium oxide, silicon dioxide, talc 
30 caicL sulfate, titanium dioxide. '>^"!''^- ^^^^^^^^^Zo^^^. barium su«ate. strontium sulfate and 
magnesium aluminum o>^'a_e -agnes-um ^^^^ , 



magnesium aluminum owot,. ~ ^,.„He asneaaiiv oxtoos, u. 



s sr. r= 

insoluble inorganic "^o^P^""'^ J^J^*^*2„°!^Sm^^ anionic surfactants can be present from 

compound throughout the ^^^^^^^^''IS^ ^ ^^^ total weight of the urethane^ntammg 
0% by w«ght up ^ '^^''''J^^^^^^J^^iv stat>ili2e the color resulting from «,nttd 
composition. The anionic ^'^^ "^Zln^c^oZtio^ anionic surfactants found useful m the 

Z^^'^'^- ^^^^^^ ^ " 

mixtures thereof. ,„rh as silicon-containing materials, like a dimethylpolysiloxane 

«, in addition, other surface ^S^tanSn^Tc^^^^^^^ percentages of up to 2% 

fluid, can be incorporated J^iy'^^^^^^^^ J^r^^^oo. These silicon-containing matenals 

tants or silicon-containing matenals that may do w 
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. «nh«nt must be relatively inert such that it will not react 

dispers.ng the insoluble =^^3^^:,^^^^ low temperatures to pro^de a dry 

with the urethane compound ^'^^J^'^t^^de^^^ that organic aprotic solvents, such as 

urethane-based mm. layer or ^^'^^^ LfdinJi^yi^ulfoxide provide the required solvency to dissolve 
dimethylformamide. ^''^-^^^^^'f^^^^^^^^^ provide the required Inertness to 

and disperse the '=°^^^'^ °' Z a^possess the required vapor pressure to 

preclude reaction of the solvent with me urefrane cornp«J~: The liquid vehicle, removed 

Jiold a solvent-free P^^^^^'^ ""''"^^^i^L^ loISitioni an amount of at least 30%. and 
Lng curing, is '"C'"^'^ ''J*^^ 90% by weight, based on the total 

preferably is present, in an artwunt ot at ^„^.i«on 

weight of the polymerizableurethane^ontamngoom^^^^^ poiymerizable urethane-containing 

in accordance with one embod.mert °* «^ P^^/"J^2^ ^^^.e The urethane-corrtaining 
Z^^f^ S:ri .rn^r «... .ye. or membranes 

according to an identical curing method. 



EXAMPLE 1 



Urethane-Containing Composition ■ 


A 


OESMODERIVI KBH (Neutral Urethane) 
Sodium Oioctyl Sulfosuccinate 
Barium Sulfate 
DImethylpoiysiloxane Fluid 
Sodium Dodecyl Benzenesulfonate 
DESMODERM KPK (Cationic Urethane) 
Oimethylformamide 
Total 


7.3% 
0.2% 
22.0% 
1.4% 
1 .4% 
10.0% 
57.7% 
100.0% 



Urethane-Containing Composition 


B 


OESMODERIVI KBH (Neutral Urethane) 

Dralon U 

Sodium Dodecyl Benzenesulfonate 
Talc 

Dimethylpolysiloxane Fluid 

Oirhethylformamide 

Total 


5.8% 
1 .6% 
0.3% 

28.3% 
0.1% 

63.9% 
100.0% 



Dralon U is a sulfonated polymer of average molecular weight of 48.000 and having the gener. 
stnjcture illustrated in structural formula 1. 



-f CHa--H CHa-CH >- CHa-Cf CH« > 



CHa 

sb>- n«- 
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thoroughly mixed using a high speed *™ "^"^^ is coated onto a transparent. 

Somposition A or B Into a film, layer °' '"""^"'V JfL ^Sm^ 

Spineable P'»tic support. The *K:^ess of tf^c^ « ?S ^^^^ ^ 

adjusted to a wet thiclomss of about BOu mto a circulating water bath man- 

me urethane-containing composition. ^/'f'J^^^^cjhe urethane^ontaining composition is 
tained at a constant temperature of about 25 ^ to abom^ _ ^ ^ ^ ^.^^ 
cured in the water bath by immersir^ Z^Z Z^^^^ membrane can be air-dried or oven- 
ranging from 30 minutes to 16 hours. After curing, me inmregnatBd into the dried film. 

Uants. such as a dua. ^^J^^^^T^^^^:^^^^ ^ '"^^^^ 
layer or membrane as prov.oj«ly ^^^^^J^'^SS^s^ in the manufacture of the urethano<ontain,ng 
reagent composition are soluble in the o'9*™= comprising the dual indicator reagent composition 

composhion. ..Re ^^<-f^":r:^^''^,^^Z^Z urethane-containing composMon arK. 



in «,e water bath by immersing ;=X't"fin;r ^^^^^^^ be «r-dried or oven- 

ranging from 30 minutes to 16 hours. After curing, me inmregnated into the dried film. 

arising from incorporating ^J^^f^^^Z^^^ of low moiecular weight proteins. Bke 
membrane, especially in regard to the '^^^'^^^ J^^^^^ fo, fetal protein assays and for Bence 

Bence Jones proteins, in a test sample. ^^'J^^^^'^L frJud^ a si^le^Sicator impregnated into a 
Jones protein assays obtained from ^.f^TaJS^S Sc« and hSm impregnating a dual indicator 

;sr=™r r^^^^ - --^^-^ -"^^ 

nTs. 1. ^ CO. space plot, ob^ined ™ Jn. 

:rxrrdir dro^a"^^^^^^^^ ^ -^^-^ 

rp.:.gtr™ 

l=or example. FIG. 1 is the cotor P'^l^^p^^^^^^^ f„Sr paper carrier matrix with 

the single indicator «trabromopbano^^ blt« OBPB^^^^ 

standardized solutions containii^ no >J°f,jT.^^ .s a i,ior space plot tor a dry phase test 

albumin (100) and 100 mg/dL Bence -^^^ P^°*; ;^ Sue (TBPB) and methyl 

strip comprising a dual indicator reagent ^^^^^^^ tT^uL from contacting the same 
orange (MO) impregnated into a filter ^l^fZlZTl^X^Q-^^^^<=^^ ^^"^'^'^'^ 
standardized solutions of albumin ^^Bence Jor«s pnJtejis- ^ indicator 
from contacting the standardized protein solut.ons "f"^^^^ ^^^.^^ film obtained by curing 
tetrabromophenol blue (^^PB) incorporated a p^^^^ standardized 
composition A of Example i. FiQ. 4 .s ^J^^^^P^ a duTindicator reagent composition including 
.^rM^-Vated mto a polymeHzed ure^d 

"■^L^^Si^dr^r;^^^^^^ 

V Plotted on the vertical axis "^^^^^^ ^l^J^^Z L^SnZTl is a measure of the colpr 
light color and f-O denotes a co",pietety ''"^ J™ ^. ^^.^e. the more red the color, and 
; tSn.l«on from green to red. tlTv^ue Tm'S gTeerthJ coior. Smilariy. the third axis. is a 

sr^corr^rr^^^^^^^^ 

-\rx-^^^^ - ^^^-^^^ 
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I ;«K»,=„« riiHoraorfts between the visual capabilities of individuals, 

^^^r ??an. B- v.ues .ot^ on .e ^^^^^^ -::^^:^X Vrr^n^S Z 
percent reflectance measurements t^en at s.^eend^re^^^^^^^^^ > general, the percent 

S^anometers) and 700 nm ^^Z\^^^^t\^Z^e6 by the intensi? of the light at that 
reflectance at each <;^^^ '^1XTSS^<^ we'gCg func^ons for the cotors red, green and 
wavelength. ^^^J!^^^^"^^''^^^^^ three tristimulus values X. Y and Z. and L'. A' and 



L- = 116x[(Y/Yo)1/3- 16)] {Eq.2) 
A- = 500 X [(Wo)1/3- (Y/Yo)1/3] (Eq. 3) 
B- = 200 X [{Y/Yo)1/3- <Z/Zo)1/3] (Eq. 4) 



wherein: fc., ^,f»rt white fiB reflectance = 100% at all wavelengths), and 

analogously defined. 
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. ♦ Pirt 1 and in TABLE III. protein assays were conducted on 
AS illustrated in the color space plot of FIG. J ^^'^J ^ , ^ry phase test strip having only 

standardized solutions *"='"'^*"9/'''rirlori" t^^^^ P«P«^ ' ""J 

a Single indicator, tetrabromophenol ^'^^-^^^'^J^Z a solution containing 10 mg/dL of albumin and 
TABLE 111, it is found that the color ^ ^^^^^';^l^\,e can nonr^^ly differentiate only bet^ 
a solution containing no album.n .s Jjf "7 ^,-,8 ^^^^ would be inconclusive as to whether 

colors having a color space ^^'^'^^^^^ differentiation between the test strip contacting the 
the sample contained is any ^''"^'"'"j'^ff "l^^J^e 10 mg/dL test strip could not be determined. At 
0 n^dL albumin solution and me tej^ ^ZZlTo' 0 mg,dL att«,min to about 10 mg/dL 
best, the assayer could estimate that me sampw w 

= ... ^»m«n«trflt6 that an assayer could not determine the concentration of 
Similarly, FIG. 1 and TABLE 111 ^^'"""^SnTfr^ ^Q/dL of Bence Jones proteins to about 100 
Bence Jones proteins in a test sample ^^^^^^^e provided by an analyte device having a 

,T,g/dL of Bence Jones proteins because the t onlv 44 Ta color space difference that is barely 
sin'gle dye impregriated into a filter P^^ J^^^ ^Q°Tfu^r how that tt« human eye can detect color 
detectable by a normJ^human ej^e- TA^^ ^^^^.^ color space 

differences resulting from the presence ot 50 mg/au » 

differences are 19.2 25.5. respecOv«Jy^ imoreonating a Alter paper matrix with a dual ir«licalor 
However, surprisingly and ""^'^'^ ' ^''^^Syer can visually differentiate between samples 
reagent composition of the present invention. ^. ^^'p^, and TABLE 111. a color space difference 
Saining 0 ^dL of albumin and ^^f^.^i^'^jTso^^ no albumin is 9.1 when 

(AE) between a solution containing 10 '^9^^': ™" ^^^^^ blue and methyl orange. Such a 

using a dual indicator reagent ^o^^P^^^" ^^^^ eye. and shows a substantial 

CO J space difference is ^'^'^^^^.^f^^^ of Tb^^^^^^ 

improvement over the ^^'«J^l^^'^°''^l^^^ s^pie because the color space difference 

JTsolutions compared to the ^J^^Vn^ndi^^^ dye impregnated into a polymerized 

ir, regard to FIG. 3. it is demonstrated ^'^od to d^m,ine the presence and/or 

urethane-based nim. layer f^^JSTtor a SoS, containing 10 mg/dL of albumin, me 

concentration of low levels of ^'^Z^'l^'^t^tSu^yo^Xi^ning 0 mg/dL albumin was only 32. This 
color space difference (AE) compared * a f^^.^"^,'^^^^ Sowever, it is surprising mat me 

,5 color space difference Z"T"VZ. T^^r^S^V mcreied sensitivity in regard to Bence 
rnSSl^^r^sS^eTeren^S^^^^^^^^^ to 29.3 compared to me .H in FlG. 1 of .4 

^^te:p::::rei:^^^^ 

40 Wherein a dual indicator reagent cocr^position ^^^^ ^ gJ^S to 48.9 showing an unexpected 
matrix. Compared to RG. 3. the =°'.°\»P^"'"^fB^^^^5 proteins. FIQ. 4 turmer shows the benefits 

wherein a single indicator dye *as iiti'ized. indicator reagent composition impregnated into a 

Overall, FIGS. 1-4 and TABLE 111 '^''"'^^'^^^''Z '^J^T^^^ color resolution and assay 
fitter paper matrix or into a polymerized "'«*^f^,^^f„J7„^*^p,e^^^ at low protein levels ot 

sensi'vity in .he assay for Jo^l P^ote. co^^^^^ p SnTTn^en J allow visual differentiation of 
50 less than 30 mg/dL The "'^'^ ^^^^^^^^^^ earner matrix wim a test sample containing 
color transitions resulting from contart of me eagentH^^^^ ^^^^ ^^^^^^ trustworthy 

protein at levels of between 0 mg^dL and 10 '^'^b^'^'Z^^,^ and accurately test for Bence Jones 
Lsays. The present invention furmer P'°-'<^i;^^^^ est sS-piroy providing a earner matrix mat 
proteins, and omer low 

- :sStord=:r:==^^£^ 
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urethane*ased film matrix shows '^"^'^l '"^^ to assay for low molecular weight prote.r«. As 
meralore providing a Simple dn. P^-^gff „f ^S^fslon Uuning 100 mg«L of Bence Jones 
demonstrated in FIGS. 1-4 and in T^^BLEiH^ss^ a ^ imperceptlbte coor 

proteins with a single indicator dye '"'^'^^"'^^J^g'TBer^ Jones proteins. However, color 
Siffarence ot 4.4 compared to ^^^•"flj^";'^^'^^ ^e same single dye into a polymenzed 
resolution and assay sensitivity .s improved J^°2f'J'"J perceptible 29.3. Furthemiora. using 
urethane- cont^ning matrix such J^^^^^T P^yS^ ^ ^ ^ 

th« dual indicator roagant «>™P°«*fV!^=JJ^;^^X^h that the color dHterence incrwses to 
dramatically improves the color resolution and assay sensraviiy ^ 

an unexpected level of 48.9. .„^„B-hased film layer or membrane as the carrier matnx for a 

. ,n regard to using a P«'V^«"^«^ "^^."^ p^^iecular weight proteins, has been found that not 
dual indicator reagent composrtion in ^ protein^ontaining solutions, and there- 

all urethane-based membranes "^"^^"^"^^^^J^i^ause of high bianK color devetopment, 
tore, several urethane-based fi^ ""'^S^o^ 

insufficient color ^ifferentiaton bcj^een^ l««te ,y ,^„g «,„,position A or 

Shown that . the two PO'V^«"^^ ".^J^^^igT^^^ 

composition B Of Example 1 do not d«jon^^^^ compos^ons that c»i be uflized 

be emphasized however that "'"P"®'*""^ ^Z^^ to provide good protein determinations, 
according to the method of the present .nverrton as m^^ 9 S^niposition A or by curing 

Nevertheless, a membrane, layer or ^'''^/'^S^ZnteL Fw exampie. a membrane or film obtained 
composition B of Example 1 has advantages ^^^J^^^and excellent color stability even 
" JSno composition A of Example ^^^^^'^^''^^ ^JTJnSe. for anaiyte test devices using 
after the test sample is wiped dry ^^^^^'^^ E^p,e i the color transrtion resulting from 
membranes or films derived fmm ^'''"O color intensity or depth over 

contact with albumin or Bence Jones P/^^'^^*^"**;^^^^^^ from composition A is slow, and therefore 
a several day period. 'iTf^" '^"i^^ manner. As a result when using the film 

this film may have limitations rf used *'^^^^^J^^^^r^u> the film matrix and.allowed to contact 
matrix derived from composition A. the ^^"'Pl'^P^^ in response to the albumin contact then is 
the film matrix for aPP-'^-ateiy 2 -^^^^^^^^ Si^Smple remaning in contact with the 



after the test sample is wipeo ory "^""^rZ.^ . ^ example l. uio w« - 

membranes or films derived fmm ^'''"O color intensity or depth over 

contact with albumin or Bence Jones P/^^'^^'^^^'jf^^^^^ from composition A is slow, and therefore 
a several day period. 'iTf^" '^"i^^ manner. As a result when using the film 

rsr."^ "s^^^i^^^^^ ^ """" "* 

matrix or after the sample is wiped from me |n8^- q of Example l also offers very good 

A urethane-based film matnx °btaned by cumg composraon^^ composition A o^ 

color resolution and differentiation. ^^^^Z' oTl^J ^'^^^^^^^ ^ °* ^^P" ' '"^^ 
Example 1. color fomiation on a ^'"^r^f^'^^^X^^orn.^'^ the assay for albumin. However, 
therefore, this film matrix can be used "'"f' that 2 minutes is required for full color 
in the assay for Bence-Jones protetns ^^^^'f^'^^^^^^l dSped in the urine sampte for a relatively long 
development Therefore, the test strip '^^^'^J^^'l^jrovercS by pipetting the urine sample onto a test 
time toVenerate a color transition. This f^'^^^J^^^Z^^^ a response. Furthem^ore. 
, pad and aOowing a 2 minute response time ^^^J^^^ £ the protein content begins to 

s^n^d^ieregrrdi^rr^^^^^ 

5 assays tor total P«>^content « for low composition. The dual indicator reagent 

samples can be performed by ^"^oo ^ "^P"'^« "'"^ ^ 

composition improves the '^^"^"^"^^^^^ Furthermore, by perfom^mg the assay wrth a 
at low albumin levels of ''^P''^'^^'' ^J^'^J^^^ membrane, film or layer as the earner 
dry phase test strip that includes a ^^^^"^^^^i^ accurate method of deten™n.ng 

0 matrix for the dual indicator reagent ^^'^^'^^''ZZ p^S^ Jones proteins, in the test 
the presence and/or concentration of low molecular weignt proieins. 

sample Is provided. ^-atians of the invention as hereinbefore set forth can be made 

;s as are indicated by the appended claims. 



Claims 
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rfBHonf color tranaticjn upon contacting a protein-containing 
1. A composmon capable of ^^^^^'^^^J^'^'^l^^ of^teTn in liquid test sample comprising: 
npuid test sample to ^J^J^:^^,^^^^ color transition from a first color to 

a first indicator dye capable of undergoing a detectaoie ana 

5 second color; H»,noinn a datactable and measurable color transition at apptoxlm 

„ ..n* a c.^ PH ~ » - PH . « 

,0 dye and the color transitton pH of the ^^^"^ "^1^-^^ of protein in a liquid sample comprising: 
^ 2. A method a determining the presence and^^^^ 

(a) contacting the liquid sarnple wrth a *if J^^'^^^i^^ transition from a first color to 
a first indicator dye capable of undergomg a detectable and moasu 

a second color, ^ » riataciable and measurable color transition at approximately 

test sample comprising: 
a support strip; 

a second color. n-^ninn a detectable and measurable color transition at approwmateh^ 

rs«» » — — ~r '° """" ^ " 

(a) contacting the liquid sample w.th a ''^'^^^"^'T^^.^^l co^or transition from a first color to 
a first indicator dye capable ol undergoing a detectable and measu ao 

a second color; . „ , ri«tectable and measurable color transition at approximately 

:::s:;r: 's.Trrrr'S; '^^r . - » ---- 
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ton of said urethane compound in dispersed, layered ' material, 

comprising: composition into an incompletely cured polymerizable 

forming saW reagent-containing matrix matenal into ^^^^ . -3;^ uquid vohicte to form a 

9 A mettiod of measuring the concentration of a protein m f ^ chicle- 

rJng aVof an incomp^ly cured P^'V-^^^J J^^^^^ a 
drying said layer and polymerizing said wLh said protein *l«n 

dried matrix material layer permeable to a reagent composition capable of rea«rtion wnn «ua p™ 

rtaSr:r:r m^l^rr compos^on . homogeneously Impregnate 

said dried matrix material layer with said '^J^^j!^.^ 

cause aVisibly detectable color change in said .r^^x -atana^-. 

determining the concentratioa of said protein based upon the polymer 

peri°ab^rsr::rxrre^^^^^^^ 

found in '''o-c^^^J^^^^^S compound in a removabte Rpuid vehicte to form an incompletely cured 
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® Test device and metttod of assaying for proteins. 

® A new and improved test device and method of 
detennlning the presence and concentration of pro- 
teins, sucfi as albumin or Bence Jones proteins, in a 
test sample. The test device includes a cannier matrix 
Incorporatinfl a reactant system capable of interact- 
ing with prot«ns to produce a visually or instnimen- 
tally detectable and/or measurable response. The 
carrier matrix of the device can include commonly 
used bibulous matrices, such as filter paper, or a 
now and improved nonbibulous protein-permeable 
strip, membrane or layer of a polymerized 
urathanecontaining composition. In addition, a new 
and improved reactant system, comprising a dual 
indicator reagent system, such as bromophenol blue, 
methyl orange and, if necessary, a suitable buffer, is 
incorporated into the carrier matrix to provide im- 
proved color resolution and increased sensitivity to 
proteins, thereby affording a more accurate and 
trustworthy protein assay of test samples, such as 
urine. Furtiiermore. by incorporating the dual indica- 
tor reagent system into a canier matrix comprising a 
polymerized urethane-containing composition, a dry 
phase assay for low molecular weight proteins, such 
as Bence Jones proteins, can be performed on a 
liquid test sample. 
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